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Al. $K=\{1, \cdots, K\}$ $T=\{1, \cdots, T\}$ $K\cross T$
1857 2013 41-50 41
A2 1
$\Omega$ $\omega\in\Omega$ $t\in T$
$\omega(t)$
A3. $\tau$
$\hat{T}\equiv\{\tau, \cdots, T\}\subseteq T$
$t\in\hat{T}$ $\Phi(t)$ $t$ $i$
$\varphi(i,t)$ $c_{0}(i,t)>0$












A3 $\varphi=\{\varphi(i, t), i\in K, t\in\hat{T}\}$
A2 1 $\omega$ $\omega$
$\pi(\omega)$ $\pi=\{\pi(\omega), \omega\in\Omega\}$
$\Psi\equiv\{\varphi\sum_{i\in K}\varphi(i, t)\leq\Phi(t), t\in\hat{T}, \varphi(i, t)\geq 0, i\in K, t\in\hat{T}\}$ (3)
$\Pi\equiv\{\pi\sum_{\omega\in\Omega}\pi(\omega)=1, \pi(\omega)\geq 0, \omega\in\Omega\}$ (4)
4
4 D, $F,$ $S,$ $O$
$\hat{T}$ $T-\tau+1$ 4
(D) A4
(1) $\tau$ $S$ $F$
(2) $F$ $t_{f}-1$ $O$
$T$ $F$
$y$
$($ $0\leq y\leq t_{f}-2)O$
(3) 2 $S$
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$L$ $[\tau, L]$ $A_{L}$ 2
$L$
$y$ $0\leq y\leq t_{f}-2$ $\tau$
$L-y-1$ $M$ $t_{f}-1$
$\lfloor(L-y-\tau)/t_{f}\rfloor$ $M$ $0\leq M\leq\lfloor(L-\tau-y)/t_{f}\rfloor$
$M$ $M+1$ $y$
$M+1$ $L-\tau-Mt_{f}-y$
$S$ $S$ 1 $j$
$S$ $(j=1, \ldots, M+1)$
$\sum_{j=1}^{M+1}x_{j}=L-\tau-Mt_{f}-y$ (5)
$\{xj,j=1, \ldots, M+1\}$ 1 $L-\tau-M(t_{f}-1)-y^{C}M$
$t_{f}$
$L-\tau+1$ $M$ $0\leq M\leq$
$\lfloor(L-\tau+1)/t_{f}\rfloor$ $L-\tau-Mt_{f}+1$ $S$ $i$
$S$ $(j=1, \ldots, M)$ $S$ $x_{M+1}$
$\sum_{j=1}^{M+1}x_{j}=L-\tau-Mt_{f}+1$
$L-\tau-M(t_{f}-1)+1M\grave{l}$
$y=-1$ $\iota\backslash .$ $L\grave {}A\downarrow$ $\overline{i\overline{-}}\mathfrak{F}_{\vec{wffl}}^{\equiv}h^{\backslash }$ $\ovalbox{\tt\small REJECT} P^{1J}$
$A_{L}$
(i) $y$ $-1,0,1,$ $\ldots,$ $t_{f}-2$
(ii) $y$ $M$ $0,1,$
$\ldots,$
$\lfloor(L-y-\tau)/t_{f}\rfloor$
(iii) $y$ $M$ (5) $(xj,j=1, \cdots, M+1)$
$(i)\sim(iii)$ $y,$ $M,$ $\{Xj\}$ 1
3
2 $A_{L}$ $t$
$S,$ $F,$ $O$ $\{S, F, O\}$
$\sigma(t)\in\{1, -1,0\}$




$\delta_{i,j}$ $i=j$ 1 $i\neq j$ $0$
$[\tau, T]$ $P(\varphi,\omega)$ $A_{T}$
$P( \varphi,\omega)=1-\sum_{\sigma\in A_{T}}[\prod_{t=\tau}^{T}(1-\sigma(t)Q_{t}-\delta_{\sigma(t),-1})]\exp(-\sum_{t=\tau}^{T}|\sigma(t)|\alpha_{\omega(t)}\varphi(\omega(t), t))$ (6)
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$[\tau, t]$ $\sigma$
$Q_{t}(\sigma)$ $P_{t}(\varphi, \omega, \sigma)$ , $C_{t}(\varphi, \sigma)$
$Q_{t}( \sigma)=\prod_{\zeta=\tau}^{t}(1-\sigma(\zeta)Q_{\zeta}-\delta_{\sigma(\zeta),-1})$ (7)
$P_{t}( \varphi,\omega, \sigma)=1-\exp(-\sum_{\zeta=\tau}^{t}|\sigma(\zeta)|\alpha_{\omega(\zeta)}\varphi(\omega(\zeta), \zeta))$ (8)
$C_{t}( \varphi, \sigma)=\sum_{\zeta=\tau}^{t}|\sigma(\zeta)|\sum_{i\in K}c_{0}(i, \zeta)\varphi(i, \zeta)$ (9)
$t\in\hat{T}$ $V(t)-C_{t}(\varphi, \sigma)$
$C_{T}(\varphi, \sigma)$
$R(\varphi,\omega)$ $=$ $\sum_{t=\tau}^{T}\sum_{\sigma\in A_{t}}(V(t)-C_{t}(\varphi,\sigma))Q_{t}(\sigma)(P_{t}(\varphi,\omega, \sigma)-P_{t-1}(\varphi,\omega, \sigma))$
$- \sum_{\sigma\in A_{T}}C_{T}(\varphi, \sigma)Q_{T}(\sigma)(1-P_{T}(\varphi,\omega, \sigma))$
$R(\varphi,\omega)$ $=$ $\sum_{t=\tau}^{T-1}\sum_{\sigma\in A_{t+1}}\{(V(t)-V(t+1))+|\sigma(t+1)|\sum_{i\in K}c_{0}(i,t+1)\varphi(i,t+1)\}$
$xQ_{t+1}(\sigma)P_{t}(\varphi,\omega, \sigma)+\sum_{\sigma\in A_{T}}V(T)Q_{T}(\sigma)P_{T}(\varphi, \omega, \sigma)-\sum_{\sigma\in A_{T}}C_{T}(\varphi, \sigma)Q_{T}(\sigma)$
(10)






$= \sum_{\omega\in\Omega}\pi(\omega)[\sum_{t=\tau}^{T-1}\sum_{\sigma\in A_{t+1}}\{(V(t)-V(t+1))+|\sigma(t+1)|\sum_{i\in K}c_{0}(i,t+1)\varphi(i,t+1)\}$






$(P1) \max\varphi R(\varphi, \pi)$ $s.t.$ $\sum_{i\in K}\varphi(i, t)\leq\Phi(t),$
$t\in\hat{T},$ $\varphi(i, t)\geq 0,$ $i\in K,$ $t\in\hat{T}$
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$(P1)$ $\{\lambda(t), t\in\hat{T}\}$ $\{\mu(i,t), i\in K, t\in\hat{T}\}$
$L( \varphi;\lambda, \mu)=R(\varphi, \pi)+\sum_{t\in\hat{T}}\lambda(t)(\Phi(t)-\sum_{i\in K}\varphi(i, t))+\sum_{i\in K},\sum_{t\in\hat{T}}\mu(i, t)\varphi(i, t)$
Karush-Kuhn-Tucker (KKT )
$\frac{\partial L}{\partial\varphi(i,t)}=\frac{\partial R}{\partial\varphi(i,t)}-\lambda(t)+\mu(i, t)=0, i\in K, t\in\hat{T}$ (12)
$\lambda(t)\geq 0, t\in\hat{T}$ (13)
$\mu(i, t)\geq 0, i\in K, t\in\hat{T}$ (14)
$\sum_{i\in K}\varphi(i, t)\leq\Phi(t), t\in\hat{T}$ (15)
$\varphi(i, t)\geq 0, i\in K, t\in\hat{T}$ (16)
$\lambda(t)(\Phi(t)-\sum_{i\in K}\varphi(i, t))=0, t\in\hat{T}$ (17)
$\mu(i, t)\varphi(i, t)=0, i\in K, t\in\hat{T}$ (18)
$\partial R/\partial\varphi(i, t)$ $\varphi(i, t)$
$\frac{\partial R}{\partial\varphi(i,t)}=B(i, t)\exp(-\alpha_{i}\varphi(i, t))+C(i, t)$ (19)
$B(i, t)$ $\equiv$ $\sum_{\omega\in\Omega_{it}}\pi(\omega)[\sum_{\zeta=t}^{T-1}\sum_{\sigma\in A_{\zeta+1}}\{-\triangle V(\zeta)+|\sigma(\zeta+1)|\sum_{i\in K}c_{0}(i, \zeta+1)\varphi(i,\zeta+1)\}$
$\cross|\sigma(t)|\alpha_{i}Q_{\zeta+1}(\sigma)\exp(-\sum_{\xi=\tau,\xi\neq t}^{\zeta}|\sigma(\xi)|\alpha_{\omega(\xi)}\varphi(\omega(\xi), \xi))$
$+ \sum_{\sigma\in A_{T}}V(T)|\sigma(t)|\alpha_{i}Q_{T}(\sigma)\exp(-\sum_{\xi=\tau,\xi\neq t}^{T}|\sigma(\xi)|\alpha_{\omega(\xi)}\varphi(\omega(\xi),\xi))]$ (20)
$C(i,t)$ $\equiv$
$\sum_{\sigma\in A_{t}}|\sigma(t)|c_{0}(i, t)Q_{t}(\sigma)\sum_{\omega\in\Omega}\pi(\omega)P_{t-1}(\varphi,\omega, \sigma)-\sum_{\sigma\inA_{T}}|\sigma(t)|c_{0}(i,t)Q_{T}(\sigma)$
(21)
$\Omega_{it}\equiv\{\omega\in\Omega|\omega(t)=i\},$ $\Delta V(\zeta)\equiv V(\zeta+1)-V(\zeta)$ KKT
$\varphi^{*}(i,t)=\frac{1}{\alpha_{i}}[\ln\frac{B(i,t)}{\lambda(t)-C(i,t)}]^{+}$ (22)
$[x]^{+} \equiv\max\{0, x\}$ $t$
$\sum_{i\in K|B(i,t)+C(i,t)>\lambda(t)}\frac{1}{\alpha_{i}}[\ln\frac{B(i,t)}{\lambda(t)-C(i,t)}]^{+}$ (23)
$[0, \overline{\lambda_{t}}]$ $( \overline{\lambda_{t}}\equiv\max_{\dot{\triangleleft}\in K}\{B(i, t)+C(i, t)\})$ $\lambda(t)$
$\lambda(t)\geq$ $B(i, t)$ $C(i, t)$ $t$
$\{\varphi(i,t), i\in K\}$
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$t$ $\{\varphi(i, t), i\in K\}$
$\lambda(t)$ $\lambda(t)=0$ (22) $\{\varphi(i,t), i\in K\}$
$\sum_{i}\varphi(i,t)\leq\Phi(t)$
$\sum.$ $(i, t)=\Phi(t)$ $\lambda(t)$ (23)





KKT (12) $\sim(18)$ { $\varphi*$ ( )}
$t$ $R(\varphi, \pi)$
: $\Gamma(\pi)$
(Sl) $(i, t),i\in K,$ $t\in\hat{T}\}$ $t=\tau,$ $\ldots,T$ $(S2)\sim(S3)$
(S2) $\lambda(t)=0$ (22) $\{\varphi(i,t), i\in K\}$
(S3) $\sum_{i\in K}\varphi(i,t)\leq\Phi(t)$ (Sl) $\sum_{i\in K}\varphi(i, t)>\Phi(t)$
$\lambda^{*}(t)$ (Sl)
(i) $B(i, t)+C(i, t)$ $i\in K$ $I_{1},$ $\ldots,$ $I_{K}$
$\xi=1$ $\lambda_{0}=0$
(ii) $\lambda(t)=B(I_{\xi}, t)+C(I_{\xi}, t)$ (22) $\{\varphi(i,t), i\in K\}$
$\varphi(i, t)=\{\begin{array}{l}0, i=1, \ldots, I_{\xi},(24)(1/\alpha_{i})\ln\{B(i, t)/(\lambda(t)-C(i, t))\}, i=I_{\xi+1}, \ldots, I_{K}\end{array}$
















$s.t.$ $R(\varphi,\omega)\geq v,$ $\omega\in\Omega$ , (26)
$\sum_{i\in K}\varphi(i, t)\leq\Phi(t), t\in\hat{T}$
, (27)





$\varphi^{*}$ 4 $\Gamma(\pi)$ $\pi^{*}$
$\pi$ $\Gamma(\pi)$ $\varphi_{\pi}^{*}$ $\pi$ $\varphi$
$\pi$ $\pi(\omega)$ $R(\varphi_{\pi}^{*},\omega)$
1( [5]) $k\in\Omega$ $\pi_{1}(k)=\pi(k)+\triangle\pi(k)$ $k$
$k\neq\omega\in\Omega$ $\pi_{1}(\omega)=\pi(\omega)$ $\pi$ $\pi_{1}$ $\Gamma(\pi_{1})$
$\varphi_{\pi_{1}}^{*}$





$= R(\varphi_{\pi}^{*}, \pi)+\triangle\pi(k)R(\varphi_{\pi}^{*}, k)\leq R(\varphi_{\pi_{1}}^{*}, \pi_{1})=R(\varphi_{\pi_{1}}^{*}, \pi)+\Delta\pi(k)R(\varphi_{\pi }^{*}, k)$
$0\leq R(\varphi_{\pi}^{*}, \pi)-R(\varphi_{\pi_{1}}^{*}, \pi)\leq\Delta\pi(k)(R(\varphi_{\pi_{1}}^{*}, k)-R(\varphi_{\pi}^{*}, k))$
1 $\pi$
: $A$
(El) $\pi$ : $\pi(\omega)=1/|\Omega|.$ $l=0$
(E2) $\pi$ $\Gamma(\pi)$ $\varphi_{\pi}^{*}$
$\pi$ $\sum_{\omega}\pi(\omega)=1$
(E3) $\{R(\varphi_{\pi}^{*}, \omega), \omega\in\Omega\}$ $W_{1}<W_{2}<\cdots<W_{M}$ $W_{k}$
$R(\varphi_{\pi}^{*}, \omega)$ $k$ $\omega$ $\Omega_{k}\equiv\{\omega\in\Omega|R(\varphi_{\pi}^{*}, \omega)=$
$W_{k}\}$
$\eta(\omega)=\pi(\omega)$ $\pi\in\Pi$ (29)
(E4) $l$ 1 $k\in\Omega_{1}$ $\pi$ ( $\Delta\pi(k)>0$ $l$
$k\in$ arg max$\{\omega|\pi(\omega)>0\}^{R(\varphi_{\pi}^{*},\omega)}$ $k$ $\pi(k)$ $\Delta\pi(k)<0$
$\pi$
$l=l+1$ (E2)







$K=\{1, \ldots, 5\},$ $T=\hat{T}=\{1, \ldots, 10\}$ $\Phi(t)=1(t\in\hat{T})$ ,
$\alpha_{i}=0.2(i\in K)$ 1
4 $\Omega$ 3, 4 3, 2
1 2
2, 1, 3, 4














2 0.13710 0.718 0.733110 $0$ $0$
3 0.496 010.282 0.267 $0$ $0$ 1 1 1





0.261 0 0.37 0.37
(2) ( 2)
1 $Q_{t}=0.5(t\in\hat{T})$ $t_{f}=3$





$\frac{}{}\frac{ 2a. }( - 2){Cel1s\backslash t12345678910,10.05000000000}$
2 0.414 1 $0$ 0.842 0.586 0.549 0.772 $0$ $0$ $0$
3 0.536 01 $0$ 0.218 0.366 0.04711 1
4 $0$ $0$ $0$ 0.158 $0$ $0$ 0.1810 $0$ $0$
5 $0$ $0$ $0$ $0$ 0.1960.085 $0$ $0$ $0$ $0$
1 11 1111111
$2b$ . ( 2)
Paths 1 2 3 4
5.67 5.614 5.168 4.162
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